In the present paper, we apply the critical element of Reifsnider's theory III, a cumulative damage model, to simulate the fatigue behavior of a fiberglass-epoxy composite system, based on a quasi-unidirectional prepreg, in 3-point bending tests with a constant amplitude of strain. We studied a cross-ply [(0/90) 4 ] s laminate and a quasi-isotropic [(0/±45/90) 2 ]s laminate. The fatigue tests were carried out according to NF Τ 51-120-3 and stress evolution was followed until the end of the test.
As we believe that lamina properties are different if the lamina is an individual ply or when it is inside the laminate, we extracted the lamina properties from the multilayer laminates using a model proposed by Phifer 121 for axial loading. In our study, we modified the Phifer model using laminate classical theory applied to bending loading, in order to relate the stiffness reduction evolution law of a subcritical element with the stiffness reduction evolution law of the laminate. This law was used in software developed by us, with the S-N curves of the 0° plies and laminate classic theory, to simulate load evolution up to the end of the test, that is, up to the rupture of the 0° ply near the neutral axis of the specimen. From the curves we can also obtain the S-N curves of the laminates.
Alternatively, we have used another model based on the matrix cracking evolution with the number of cycles. As the stiffness reduction is mainly dependent on matrix cracking in the subcritical plies, we measured its evolution with the cycle numbers for different stress levels. Then, we used a stiffness evolution law of the subcritical elements function of crack density developed by Smith and Ogin 111. This law was also used in the software instead of the stiffness evolution law of the subcritical plies, when extracted from the laminate stiffness.
The S-N curves obtained from both model approaches agreed very well with the experimental results. In addition, the curves of stress vs. number of cycles simulate very well the experimental curves for both models
INTRODUCTION
It is well known that fatigue in composites materials leads to degradation of the internal integrity, causing important changes in the elastic properties. In the last few years important advances in the life prediction of fiber composite materials have been made. Reifsnider's critical element model was one of the more important tools for prediction of the fatigue life used by several investigators /4,5/.
However, one of the main problems with this model was the modulation of the stiffness loss of the subcritical plies. It is well known that matrix cracking is the most important damage mode, causing loss of stiffness in transverse plies. Blanco 161 used, with success, the crack density to relate it with the stiffness of the subcritical elements. Phifer 111 obtained it from the analyzed laminate.
In our study we used Reifsnider In a previous study 111 the relation between the stiffness loss and the crack density was studied by microscopic analysis of the specimen edge replication. Now we present the evolution law equation relating the crack density to the number of cycles for both laminates, and the stiffness loss to the number of cycles obtained from both laminates using our model. 
MATERIALS AND EXPERIMENTAL

PROCEDURE
The material system used in this work was a quasiunidirectional glass/epoxy composite with 7.8% of the fibers in the transverse direction. The total volume fraction of resin (V f ) in the laminate was 42±1.2 %. The laminated plates, [0/90] 4S and [0/±45/90] 2S , were fabricated in a hot press, according to the manufacturer's cure schedule. The specimens with the dimensions 70x10x2.5mm 3 were tested according to NF Τ 51-120-3. The specimen edges were polished with Ιμπι diamond paste as a last step for microscopic analysis replication.
Fatigue tests were conducted with a span of 50mm for a span/thickness ratio of 20 to minimize interlaminar shear stress. The fatigue tests were conducted at 5 Hz and were carried out in a machine designed for this work.
THEORICAL BACKGROUND
In a previous paper we applied the concept of damage accumulation according to Reifsnider and his theory of critical elements in composite materials. We followed this methodology again to predict the fatigue life and to simulate the bending test for both laminates.
By this model the normalized residual strength of the critical elements, the 0° plies, was reduced due to an increase in the normalized stress, F a , over the number of cycles. This increase was due to a reduction in the subcritical elements of the stiffnesses E 2 , E ±45 and G 12 .
The classical laminate theory was used to calculate the normalized axial stress in the critical and subcritical elements and in the laminate. can be written as follows:
where z p denotes the distance between the axis of the laminate and the center ply p. 
where ρ is the crack density function of the number of cycles, and λ is the shear-lag parameter obtained from the equation:
assuming shear strain in 0° ply. £ 0 =(£] + £ 2 )/2 and £()=(£[ +£±45 + £ 2 )/2for the cross-ply laminate and
RESULTS
In Figures 2 and 3 we present experimental S-N curves and predicted S-N curves with models presented for cross-ply and quasi-isotropic laminates, respectively.
The life corresponds to the number of cycles at rupture of the first 0° ply. laminates.
For quasi-isotropic laminates, we applied in Model 1 E\(ri)IE 2 obtained from the cross-ply laminate and £* 45 (n)/£ ±45 obtained from quasi-isotropic laminate, and Model 2 is the crack density model. In both models, the ply properties E,, E 2 were obtained from cross-ply laminates, and E ±45 from quasi-isotropic laminates.
Observing the figures, we can conclude that models using the obtained ply properties approach the experimental results very well at all load levels, but Model 3 is far removed from the experimental results.
This validates the proposed Model 1 and Model 2.
Bending test simulation was carried out for both laminates using the same models for four stress levels.
In Figures 4 a) , b), c) and d) we present the simulation for cross-ply laminates and in Figures 5 a) , b), c) and d)
for quasi-isotropic laminates.
DISCUSSION OF RESULTS
For cross-ply laminates, Models 1 and 2 approach very well the experimental results for all stress levels, but Model 3 approaches the experimental results only for lower stress levels, exceeding them for medium and high stress levels. However, for all stress levels, Models 1 and 2 also slightly exceed the experimental results.
Model 3 predicts the catastrophic rupture of the three first critical plies for all stress levels, while models 1 and 2 predict it only for low stress levels. For medium and high stress levels, these models predict catastrophic rupture of the first and the second ply, which agrees with experience. In fact, analyzing experimental curves, we can conclude that on increasing the stress level there 
